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(§4) Optical disk recording device. 

(5?) An optical disk recording device for forming a 
pit on an optical disk (10) by projecting record- 
ing laser beam of an amount corresponding to a 
pit length of the pit to be formed includes a 
recording speed increase ratio setting section 
(28) for setting a recording speed increase ratio, 
a rotation control section (16) for rotating the 
optical disk at the set recording speed increase 
ratio, and a laser power control section (25) for 
controlling laser power of the recording laser 
beam in a pit period and laser power of the 
recording laser beam in a bottom period in such 
a manner that both the laser power in the pit 
period and the laser power in the bottom period 
will be increased as the set recording speed 
increase ratio is increased. When recording is 
made at a higher recording speed, not only the 
pit power but also the bottom power of the 
recording laser beam is increased and, accord- 
ingly, difference between the pit power and the 
bottom power is reduced as compared with a 
case where the pit power only is increased. 
Therefore, an adequate time is made available 
for detection of a tracking error, so that de- 
terioration of the signal-to-noise ratio of a wob- 
ble signal can be prevented. 
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This invention relates to an optical disk recording device of a type which records information by projecting 
laser beam on a recording surface of an optical disk to form pits thereon and, more particularly, to an optical 
disk recording device of this type capable of preventing occurrence of an adverse effect to signal-to-noise ratio 
of a wobble signal when recording is made by using a higher recording speed than a normal recording speed. 

5 As a manner of recording information on a write-once type optical disk on the basis of the CD-WO (CD 

Write Once) standard, it has been proposed to record information by using not only a normal speed but also 
a higher speed than the normal speed such as a double speed and a quadruple speed. By using such high 
speed recording, for example a quadruple speed, it is possible to store data such as CD-ROM data and audio 
data in a hard disk, read the stored data in the form of quadruple compressed data, and record the read out 

10 data by driving an optical disk at a quadruple speed. In case a double speed is employed, for example, a Com- 
pact Disc player may be driven at a double speed and an optical disk may be driven at a double speed also to 
copy reproduced data. 

In a prior art optical disk recording device, it has been proposed to perform a high speed recording by in- 
creasing power (pit power) of recording laser beam in a pit forming section (i.e., pit period) as shown in Fig. 2 

is for accurately forming pits on the optical disk. 

According to the CD-WO standard, a groove called "pregroove" is preformed on the recording surface of 
an optical disk and, during recording of information, recording is made by tracking this pregroove under a track- 
ing control. This pregroove is not a straight line but is undulated with a particular frequency and this undulation 
is called "wobble". In the recording mode, this wobble is detected on the basis of a residual component of a 

20 tracking error signal and a CLV (constant linear velocity) spindle control is realized by PLL-controlling a disk 
motor so that the frequency of the detected wobble will become a predetermined frequency (e.g., 22.05 kHz 
in a normal recording speed mode). 

If the device is designed in a manner to detect a tracking error constantly, a DC offset component of a 
tracking error signal will increase and a signal-to-noise ratio will be deteriorated due to influence caused by a 

25 signal at a pit position and this will cause an adverse effect on the tracking control and the spindle control 
based on the wobble signal and will also make it difficult to obtain ATip information (time information) contained 
in the wobble signal. Therefore, in a bottom period in which a pit is not formed, an attempt has been made to 
detect a tracking error in only a bottom period in which laser beam of a low power (bottom power) which is 
insufficient for forming a pit is projected (Fig. 2) and hold a tracking error signal of an immediately preceding 

30 value in a pit period. 

For detecting a tracking error only in the bottom period, it is necessary, for obtaining a wobble signal of 
an adequate signal-to-noise ratio, to make as much time as possible in the bottom period available for detection 
of a tracking error signal. It is therefore desirable to make the whole bottom period available but, actually, as 
shown in Fig. 3B, the waveform of reflected beam from a disk has a delayed trailing edge as compared with 
35 a laser diode output shown in Fig. 3A and this causes leakage (a shaded portion in Fig. 3B) of a signal in the 
pit period to a bottom period. A frequency range of this leakage signal portion extends over a frequency range 
of the wobble signal as well as a frequency range of an EFM signal. Therefore, when a tracking error is detected 
throughout the entire bottom period, the signal-to-noise ratio of the wobble signal is deteriorated rather than 
it is improved. 

40 Since the trailing edge of the waveform of the reflected beam from the disk assumes an exponential curve, 

it is necessary to determine a fall period At in such a manner that the trailing edge is decayed to such an extent 
that influence of the signal in the pit period is reduced and an adequate length of a tracking error signal de- 
tection period can be made available and to perform detection of a tracking error during the bottom period 
excluding this fall period At. In this case, the fall period At is determined at a length at which the best signal- 
45 to-noise ratio of the wobble signal is available by minimizing the influence of the signal in the pit period and 
maximizing the tracking error detection period. 

The value of the fall period At thus determined is relatively small when the recording speed is a normal 
(one time) speed but, when the recording speed becomes higher than the normal speed, a relatively long fall 
period At is required as shown in Fig. 3C because it takes more time for the waveform of the reflected beam 
so to decay completely. This results in shortening of the tracking error detection period with resulting deterioration 
of the signal-to-noise ratio of the wobble signal. 

It is, therefore, an object of the invention to provide an optical disk recording device capable of preventing 
occurrence of deterioration of signal-to-noise ratio of a wobble signal when the recording speed is changed. 
For achieving the above described object of the invention, according to the invention, not only a pit power 
55 of recording laser beam but also a bottom power of recording laser beam is increased as a recording speed 
increase ratio is increased. 

For this purpose, an optical disk recording device for forming a pit on an optical disk by projecting recording 
laser beam of an amount corresponding to a pit length of the pit to be formed comprises recording speed in- 
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crease ratio setting means for setting a recording speed increase ratio, rotation control means for rotating the 
optical disk at a recording speed increase ratio set by the recording speed increase ratio setting means, arid 
laser power control means for controlling laser power of the recording laser beam in a pit period and laser power 
of the recording laser beam in a bottom period in such a manner that both the laser power in the pit period and 
5 the laser power in the bottom period will be increased as the set recording speed increase ratio is increased. 
According to the invention, in a case where recording is made at a higher recording speed, not only the 
pit power but also the bottom power of the recording laser beam is increased and, accordingly, difference be- 
tween the pit power and the bottom power is reduced as compared with a case where the pit power only is 
increased. As a result, time required for the waveform of the reflected beam to fall is reduced and an adequate 
10 time is made available for detection of a tracking error, so that deterioration of the signal-to- noise ratio of the 
wobble signal can be prevented. 

Further, since recording is made at a higher recording speed increase ratio, an erroneous forming of a pit 
can be prevented in spite of the increased bottom power. 

Furthermore, according to the invention, the increase in the bottom power enables the leading edge of a 
15 pit power of a next pit period to become sharp and thereby reduces an error in the start position of pit forming. 

Preferred embodiments of the invention will be described below with reference to the accompanying draw- 
ings. 

In the accompanying drawings, 

20 

Fig. 1 is a block diagram showing functions of a main portion of an embodiment of an optical disk recording 
device according to the invention shown in Fig. 4; 

Fig. 2 is a waveform diagram showing a laser power control according to a prior art optical disk recording 
device; 

25 Figs. 3A to 3D are waveform diagrams showing change in reflected laser beam waveforms according to 

the control of Fig. 2; 

Fig. 4 is a block diagram showing an entire structure of an optical disk recording and reproducing device 
incorporating an embodiment of the invention; 

Fig. 5 is a circuit diagram showing an example each of a tracking error detection circuit 31 and a sample 
30 hold circuit 33 shown in Fig. 1; 

Fig. 6 is a circuit diagram showing an example of a laser power control circuit 25 of Fig. 1; 

Figs. 7A to 7C are waveform diagrams showing an example of a laser power control by the circuit of Fig. 

6; and 

Fig. 8 is a circuit diagram showing a specific example of the circuit of Fig. 6. 

35 An embodiment of the invention will now be described. In this embodiment, information is recorded on a 

write-once type disk of a dye system with the CD-WO standard and a recording speed is variable between 
one time speed (x1), i.e., normal speed, a double speed (x2) and a quadruple speed (x4). Fig. 4 shows the 
entire structure of an optical disk recording and reproducing device to which this invention is applied. In an 
input section 28, a recording speed increase ratio is set by a manual operation by an operator or other means. 

40 A disk servo circuit 16 controls rotation of a disk motor at a constant linear velocity and at the set recording 
speed increase ratio in response to a command from a system controller 19. 

A focus servo and tracking servo circuit 18 controls, in response to a command from the system controller 
19, a focus and a tracking of laser beam 11 projected from a semiconductor laser provided in an optical head 
13. The tracking control is carried out by detecting a pregroove formed on a disk 10. A feed servo circuit 17 

45 drives a feed motor 20 in response to a command from the system controller 19 to displace the optical head 
13 in the radial direction of the disk 10. 

An input signal to be recorded on the optical disk 10 is applied to a data signal forming circuit 22, directly 
when the signal is a digital signal or through an analog -to-digital converter when the signal is an analog signal, 
at a speed corresponding to the set recording speed increase ratio. The data signal forming circuit 22 applies 

so interleave to input data to give an error check code to the input data and provides the input data with TOC 
information and subcoding information generated by a TOC and subcoding generation circuit 23, and EFM mod- 
ulates the input data to form and output a series of serial data at a transfer rate based on a format of the CD 
standard and at the set recording speed increase ratio. 

This data is applied through a drive interface 15 to a data signal correction circuit 26 in which the data is 

55 subjected to modulation by (n-1) strategy and thereafter is applied to a laser generation circuit 25. The laser 
generation circuit 25 drives, in response to the data signal, the semiconductor laser in the optical head 13 to 
project laser beam on the recording surface of the optical disk 1 0 and thereby record the data by forming pits. 
The laser power (i.e., pit power and bottom power) during this recording is designated at values corresponding 
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to the recording speed increase ratio according to the invention and is controlled accurately to these designated 
values by an ALPC (automatic laser power control) circuit provided in the laser generation circuit 25. By this 
processing, data is recorded on the optical disk 10 in accordance with the format, transfer speed and linear 
velocity (1 .2 m/s to 1 .4 m/s) of the CD standard. 

5 When the data is reproduced by projecting reproducing laser beam on the optical disk 10 in which the data 

has been recorded in the above described manner, the read out data is demodulated by a signal reproduction 
and processing circuit 30 and is delivered out either directly as a digital signal or an analog signal through a 
digital-to-analog converter 32. 

Fig. 1 is a control block diagram by the optical disk recording and reproducing device of Fig. 4. 

10 A recording speed increase ratio setting section 28 (the input device 28 of Fig. 4) is operated by a manual 

operation by an operator or other means to set the recording speed increase ratio. A projection time control 
section 26 (the data signal correction circuit 26 of Fig. 4) subjects an input EFM signal to modulation by (n-1) 
strategy and thereby controls the projection time of the laser beam 11. A laser power control section 25 (the 
laser generation circuit 25 of Fig. 4) changes the pit power in the pit period in accordance with the recording 

15 speed increase ratio. More specifically, as the recording speed increase ratio becomes larger, an input heat 
value per unit length decreases and this makes it difficult to form a pit, so that the pit power is increased to 
form a proper pit Simultaneously with the increase in the pit power, the bottom power is also increased to avoid 
change in difference between the pit power and the bottom power so as to prevent increase in the fall time of 
the reflected laser beam waveform. 

20 The laser beam reflected on the optical disk 10 is received by a beam receiving element in the optical head 

13 through an objective lens. This received beam signal is supplied to the signal reproducing and processing 
circuit 30 (Fig. 4) through an RF amplifier 35. 

The tracking error detection circuit 31 detects a tracking error from the received beam signal. The detected 
tracking error signal is applied to a driver 38 through a sample hold circuit 33 and a filter 36 to drive a tracking 

25 actuator in the optical head 13 to perform the tracking control. 

The sample hold circuit 33 passes a tracking error signal in the bottom period excluding the fall period of 
a reflected waveform and holds and outputs an immediately preceding tracking error signal in the pit period 
and the fall time At. The filter 36 is provided for smoothen a step produced in the tracking error signal at a hold 
releasing timing. In a playback mode, the sample hold circuit 33 constantly passes a tracking error signal with- 

30 out holding. 

A bandpass filter 40 extracts a wobble signal from the tracking error signal and outputs it. Since the fre- 
quency band of the wobble signal varies depending upon the recording speed increase ratio, that is, 22.05 kHz 
at the normal speed, 44.1 kHz at the double speed and 88.2 kHz at the quadruple speed, the transmission 
frequency band of the bandpass filter 40 needs to be changed in accordance with the frequency of the wobble 

35 signal. For example, the transmission frequency band is set to 10 kHz to 30 kHz at the normal speed and 
changed to a frequency band having the frequency of the wobble signal as its center frequency as the recording 
speed increase ratio is changed. An ATip information detection circuit 42 demodulates and outputs ATip infor- 
mation, i.e., time information, which is contained in the form of FM modulated data in the wobble signal. 
A reference frequency generation circuit 44 produces, in response to the set recording speed increase ra- 

40 tio, a reference frequency of the wobble signal, i.e., 22.05 kHz at the normal speed, 44.1 kHz at the double 
speed and 88.2 kHz at the quadruple speed. A phase comparator 46 compares the phase of the detected wob- 
ble signal with the phase of the reference frequency and produces a phase error signal. This phase error signal 
is smoothed by a low-pass filter 48 and then is applied to a rotation control section 16 (the disk servo circuit 
16 of Fig. 4). The rotation control section 16 PLL controls the disk motor 12 so as to bring the phase error to 

45 a predetermined value and thereby performs a spindle control of the CLV system. 

An example of the tracking error detection circuit 31 and an example of the sample hold circuit 33 are shown 
in Fig. 5. A laser beam detector 52 provided in the optical head 1 3 is made of a four-split PIN photo-diode and 
detects laser beam reflected from the optical disk 10. Detected signals from split sections on the same side 
of the track of the laser beam detector 52 are combined together and are applied to the tracking error detection 

so circuit 31 and the sample hold circuit 33 through current-voltage converting amplifiers 37 and 39. These signals 
are applied to a subtractor 58 through analog switches SW1 and SW2, capacitors C1 and C2 and buffer am- 
plifiers 54 and 56 and a difference output from the subtractor 58 is detected as a tracking error signal. 

The analog switches SW1 and SW2 are connected to contacts a during the pit period and the fall time At 
of the relfected beam waveform to provide the detected signal without holding and, accordingly, momently 

55 changing tracking error signals are directly provided. The analog switches SW1 and SW2 are connected to 
contacts b during the bottom period excluding the fall time At of the reflected beam waveform. In this case, 
immediately preceding signals are held by the capacitors C1 and C2 and tracking error signals held at a pre- 
determined value are provided. 
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An example of the laser power control by the laser power control section 25 of Fig. 1 is shown in Fig. 6. 
To a laser diode 60 in the optical head 1 3 are connected constant current circuits 62, 64 and 84 in parallel and 
these constant current circuits 62, 64 and 84 are driven by a power source + V. The constant current circuit 
62 serves as a playback drive current source and supplies a drive current l t corresponding to reference voltage 

5 Vrefl produced by a reference voltage generator 96. The constant current circuit 64 supplies a drive current 
l 2 corresponding to reference voltage Vref2 produced by a reference voltage generator 98 and constitutes a 
recording drive current source in combination with the constant current circuit 62. The constant current circuit 
84 supplies a drive current l 3 which serves as a compensation current for compensating for a delay portion in 
rising of the laser power (pit power) when the operation mode of the device is changed from the playback mode 

10 to the record mode. 

In the playback mode, the switch 66 is on and the switch 68 is off and the constant current circuit 62 only 
is in operation so that the laser diode 60 is continuously driven with only the playback drive current l n . This 
playback drive current \< l causes the laser diode 60 to produce a laser beam output of a relatively low power 
(i.e., the bottom power) which is lower than a threshold value for recording and is sufficient for playback only. 

15 In the recording mode, the switch 66 is on and the constant current circuit 62 is continuously driven. The 

switch 68 is also on and the constant current circuit 64 is driven intermittently according to turning on and off 
of the switch 70 by a signal to be recorded. Therefore, in the recording mode, a signal current of the current 
value l 2 is superposed on the dc current of the current value h to drive the laser diode 60. The value h + l 2 
causes the laser diode 60 to produce a laser beam output (pit power) larger than the threshold value for re- 

20 cording and and thereby enables recording on the optical disk 10. 

In the recording mode, the values of the reference voltages Vrefl and Vref2 are changed in accordance 
with the recording speed increase ratio. In other words, the reference voltage generator 96 increases the value 
of the reference voltage Vrefl as the recording speed increase ratio increases. This causes both the pit power 
and the bottom power to be increased with the increase of the recording speed increase ratio. The value of 

25 the reference voltage Vrefl is set to values which are sufficiently low to prevent an erroneous forming of a pit 
in the bottom period at each of the recording speed increase ratios. The reference voltage generator 98 causes 
the reference voltage Vref2 to be changed in accordance with the recording speed increase ratio to compensate 
for shortage or surplus in the pit power to provide an optimum pit power at each recording speed increase ratio 
when increase in the reference voltage Vrefl produces such shortage or surplus. 

30 In the ALPC circuit, the output of the laser diode 60 is detected by a laser beam detector 72 and applied 

to error amplifiers 78 and 80 through a converting amplifier 74 and a holding amplifier 76. The error amplifiers 
78 and 80 produce errors between the detected laser beam output and the reference voltages Vrefl and Vref2 
and cause the constant current values h and l 2 to be changed in accordance with these errors to maintain the 
laser beam output at a constant value. 

35 In switching the operation mode from the playback mode to the recording mode for the write-once recording 

on the disk 10, the compensation current source 84 is driven for compensating for the delay in rising of the 
laser beam output immediately after switching of the operation mode. The compensation current source 84 
supplies to the diode 60 a current value corresponding to difference between the current value of the constant 
current circuit 64 and a predetermined drive current reference value as the current l 3 . 

40 . The operation of the circuit of Fig. 6 is shown in Figs. 7A to 7C. When it is desired to carry out the write- 
once recording, the laser diode 60 is initially driven in the playback mode (0.7 mW in this example) to feed the 
optical head 13 radially outwardly from the innermost position for conducting a search for an end point of a 
recorded portion. Upon detecting a track in which the end point of the recorded portion exists, a pause state 
is brought about (i.e., the same track is traced). Then, drive of the laser diode 60 is changed to the recording 

45 mode at a timing of passing the end point of the recorded portion for switching the operation mode to the re- 
cording mode to start recording. 

In the example of Fig. 7, the pit power and the bottom power are changed in the following manner in ac- 
cordance with the recording speed increase ratio. 



50 




pit power 


bottom power 




Normal speed 


6.5 


0.7 




double speed 


9.0 


1.0 


55 


quadruple speed 


13.0 


1.4 



According to this change of the laser power, not only the pit power but also the bottom power are increased 
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as the recording speed increase ratio increases and, therefore, difference between the pit power and the bot- 
tom power is reduced as compared with a case where the pit power only is increased. Accordingly, the fall time 
At of the reflected beam waveform undergoes little change and an adequate period of time is available for de- 
tecting a tracking error even at a high recording speed increase ratio. This ensures an excellent signal- to- noise 

5 ratio in the wobble signal. Further, since the bottom power is increased, a sharp leading edge of the pit power 
for a next pit period can be obtained with resulting reduction in the delay in the pit start position. 

A specific example of the circuit of Fig. 6 is shown in Fig. 8. A signal to be recorded is applied to one tran- 
sistor 88 which constitutes a differential amplifier 86 with another transistor 90. A laser diode 60 is inserted 
on the collector side of the other transistor 90 and is driven in response to the signal to be recorded. 

10 Two constant current circuits consisting of transistors 64 and 84 are connected to a common emitter of 

the differential amplifier 86. To the cathode of the laser diode 60 is connected a constant current circuit con- 
sisting of a transistor 60 through an inductance 83. This inductance 83 is provided for preventing an undesirable 
influence by the switching operation current on the side of the differential amplifier 86 on the constant current 
circuit consisting of the transistor 62. 

15 Among these constant current circuits, the transistor 62 supplies the playback drive current l 1( the tran- 

sistor 64 the current l 2 in the recording drive current h + l 2 and the transistor 84 the compensation current l 3 . 
An integration type loop f i Iter 82 is inserted in a control path of the drive current l 2 and the compensation current 
l 3 is controlled by the output of this loop filter 82. The loop filter 82 is provided for stabilizing the ALPC loop 
characteristics and preventing possible flow of rush current to the laser diode 60 and resulting damage to the 

20 laser diode 60 or shortening of its life in the case of unexpected conduction of the switch 68. 

This loop filter 82 caused a delay in rising of the drive current l 2 in switching from the playback mode to 
the recording mode. Since, however, the output of the loop filter 82 is applied to a subtracter 94 which receives 
also a mode switching signal as a reference signal, the transistor 84 is controlled by a difference output from 
the subtracter 94 to supply the compensation current l 3 and, therefore, the delay in rising of the drive current 

25 l 2 is corrected. 

In the above described embodiment, recording is made on the basis of the CD-WO standard. This invention 
however is applicable to recording on an optical disk on the basis of other standards. 

In the above described embodiment, recording is made on a dye type optical disk. The invention however 
is applicable to various other types of optical disks including a metal type optical disk. 
30 In the above described embodiment, the tracking error detection is made in the bottom period. The inven- 

tion is applicable also to an optical disk recording device in which the tracking error detection in the bottom 
period is not made. In this case, the advantageous result that a sharp leading edge in the pit power for a next 
pit period is obtained with resulting reduction in the delay in the pit start position can still be obtained. 

In the above described embodiment, the pit level and the bottom level are increased over the entire pit 
35 period and bottom period. Alternatively, the pit level and/or the bottom level may be increased in only a part 
of the pit period and/or the bottom period. For example, if the laser power in a former half of the bottom period 
is increased, the trailing edge of the reflected laser beam waveform will be shortened and, if the laser power 
in a latter half of the bottom period is increased, the leading edge of the pit power in a next pit period will become 
sharpened. 

40 In the above described embodiment, no particular consideration has been given to the linear velocity. A 

control may additionally be made so that the pit power and the bottom power will be changed in accordance 
with the linear velocity (1 .2 m/s to 1 .4 m/s in the CD-WO standard), i.e., the pit power and the bottom power 
will be increased as the linear velocity is increased. 

45 

Claims 

1 . An optical disk recording device for forming a pit on an optical disk by projecting recording laser beam of 
an amount corresponding to a pit length of the pit to be formed comprising: 

so recording speed increase ratio setting means for setting a recording speed increase ratio; 

rotation control means for rotating the optical disk at a recording speed increase ratio set by the 
recording speed increase ratio setting means; and 

laser power control means for controlling laser power of the recording laser beam in a pit period 
and laser power of the recording laser beam in a bottom period in such a manner that both the laser power 
55 in at least a part of the pit period and the laser power in at least a part of the bottom period will be increased 

as the set recording speed increase ratio is increased. 

2. An optical disk recording device as defined in claim 1 further comprising: 
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tracking error detection means for detecting a tracking error from reflected laser beam and pro- 
ducing a tracking error signal; and 

tracking error signal holding means for passing the tracking error signal in a bottom period exclud- 
ing a fall time of the reflected laser beam and holding and outputting an immediately preceding tracking 
error signal in a pit period and the fall time of the reflected laser beam. 

An optical disk recording device as defined in claim 1 which further comprises laser power generation 
means and in which said laser power control means comprises: 

first reference voltage generation means for generating a first reference voltage which is increased 
with the increase in the recording speed increase ratio; 

playback current supply means responsive to the first reference voltage for supplying a drive cur- 
rent for playback which causes the laser power generation means to produce the laser power in the pit 
period which is smaller than a threshold value for recording; 

second reference voltage generation means for generating a second reference voltage; and 

recording current supply means responsive to the first and second reference voltages for supplying 
a drive current for recording which causes the laser power generation means to produce the laser power 
in the bottom period which is larger than the threshold value for recording. 

An optical disk recording device as defined in claim 3 further comprising: 

compensation current supply means for supplying a drive current to the laser power generation 
means for compensating for a delay in rising of the laser power caused in switching of an operation mode 
of the optical disk recording device from a playback mode to a recording mode. 

An optical disk recording device as defined in claim 1 wherein recording is made on the basis of CD-WO 
standard. 

An optical disk recording device for forming a pit on an optical disk by projecting recording laser beam of 
an amount corresponding to a pit length of the pit to be formed comprising: 

recording speed increase ratio setting means for setting a recording speed increase ratio; 

rotation control means for rotating the optical disk at a recording speed increase ratio set by the 
recording speed increase ratio setting means; and 

laser power control means for controlling laser power of the recording laser beam in a pit period 
and laser power of the recording laser beam in a bottom period. 
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